Purpose: Immunotherapy may be a potential alternative for patients with sinonasal squamous cell carcinoma (SNSCC). Data regarding potential immunotherapy targets, such as programmed death-ligand 1 (PD-L1) and tumor-infiltrating lymphocytes (TILs), in SNSCC are limited. In this study, we assessed the prevalence and prognostic value of PD-L1 expression and TILs in p16-negative and p16-positive SNSCC. Patients and methods: Tissues from 96 patients with SNSCC were stained using immunohistochemistry against PD-L1, CD8, and Foxp3 to assess the immune environment. The correlations between PD-L1 expression, TILs, and p16 status were analyzed. Additionally, PD-L1, CD8, and Foxp3 expressions, as well as p16 status, were analyzed in relation to patient clinicopathological variables and prognosis. Results: Twenty-nine (30.2%) patients with SNSCC showed PD-L1 expression in >5% of tumor cells. PD-L1 expression was significantly correlated with poor differentiation and a high level of TILs. PD-L1 expression and the CD8+ and Foxp3+ T-cell infiltrates in p16-negative patients (n=78, 81.2%) and p16-positive patients (n=18, 18.8%) were not significantly different. PD-L1 expression and p16 status were not associated with overall survival (OS) and disease-free survival (DFS). Patients with high CD8+ or Foxp3+ cell infiltration had better clinical outcomes. A multivariate analysis confirmed that CD8 TILs were a significant independent and favorable prognostic factor for OS (p=0.023) and DFS (p=0.008). Conclusion: TILs can play a prognostic role in SNSCC. We did not find differences in immune marker expression between p16-positive and p16-negative SNSCC tissues. The high correlation between PD-L1 expression and TILs indicates that the PD-1/PD-L1 pathway is a promising immunotherapeutic target for SNSCC.
Introduction
Sinonasal squamous cell carcinoma (SNSCC) is a rare malignant epithelial neoplasm originating from the nasal cavities or paranasal sinuses. It accounts for fewer than 1% of all malignant tumors and approximately 3% of head and neck cancers. 1 Because of the lack of specific symptoms in the early stages of the disease, a majority of SNSCC patients are diagnosed at an advanced stage. 2 The main treatment modality for SNSCC is surgery combined with radiotherapy, with some multimodal approaches also including chemotherapy. 3, 4 Despite improvements in surgery, radiotherapy, and systemic therapy, the prognosis for SNSCC remains poor, with a 5-year survival rate of approximately 30-50%. 5, 6 Moreover, SNSCC tumors often invade adjacent structures such as the orbits, oral cavity, and skull base. Radical treatments often result in severe functional and esthetic defects. 7 Thus, there is a considerable need for new therapeutic options for SNSCC treatment.
Immunotherapy, especially immune checkpoint inhibitors, may be an option for SNSCC treatment. Tumor cells can be recognized and attacked by activated T-cells. However, tumors can express programmed death-ligand 1 (PD-L1), a co-inhibitory molecule that binds to its receptor, programmed cell death protein 1 (PD-1), on T lymphocytes, resulting in escape from T-cell attack. 8 Specific monoclonal
antibodies (mAb) can block the PD-1/PD-L1 axis and enhance the antitumor activity of the immune system. 8 In 2016, the Food and Drug Administration (FDA) approved the use of nivolumab and pembrolizumab (an anti-PD-1 mAb) for recurrent or metastatic head and neck squamous cell carcinoma (HNSCC). The effect of PD-1 checkpoint inhibitors on locally advanced HNSCC is currently being explored in several clinical trials, and preliminary results have shown good efficacy and tolerance of anti-PD-1 or anti-PD-L1 antibodies. 9 However, only a portion of patients respond to the treatment; the response rate of recurrent or metastatic HNSCC was found to be 13.3-22% in previous clinical trials. 10 Previous studies have shown that PD-L1 expression and tumor-infiltrating lymphocytes (TILs) are vital biomarkers for predicting the clinical efficacy of immunotherapy. 11 However, few studies have investigated PD-L1 expression and its relation to TILs in SNSCC. The protein p16 is an important tumor-suppressor protein, which can be used as a surrogate marker for human papillomavirus (HPV) infection. 12 High p16 expression has been found to be associated with better prognosis of head and neck cancer, especially in oropharyngeal squamous cell carcinoma (OPSCC). 13, 14 Several studies have found that PD-L1 expression is associated with p16 status in HNSCC. 15 , 16 An association between p16 expression and immune cell infiltrate has also been identified. 17, 18 However, the association between p16 status and the tumor immune microenvironment in SNSCC is unclear. The aim of this study was to evaluate the prevalence of PD-L1 expression and TILs in p16-negative and p16-positive SNSCC and to analyze their correlation with patient clinicopathological characteristics and prognosis.
Materials and methods

Patient cohort
We included 96 patients with SNSCC in this study, whose diagnosis had been confirmed by pathological analysis. Enrolled patients were those who underwent radical treatment at the Eye and ENT Hospital of Fudan University, Shanghai, China, between 2010 and 2016. Patients with a second primary tumor or those without tumor blocks for histopathological analyses were excluded. Written informed consent was obtained from all patients. Ethical approval was granted by the Institutional Review Committee of the Eye and ENT Hospital of Fudan University, and experiments were conducted in accordance with the Declaration of Helsinki. The clinical and pathological characteristics of the 96 patients in this study are summarized in Table 1 . All of the tumors were staged according to the 7th edition of the American Joint Committee on Cancer Staging Manual.
Immunohistochemistry
The primary tumor samples obtained from biopsy or surgery were fixed with formalin and embedded in paraffin. The formalin-fixed paraffin-embedded tissue blocks were cut into 4 μm-thick sections for immunohistochemical staining. The primary antibodies used were as follows: anti-PD-L1 (rabbit mAb, 13684, CST, Danvers, MA,, USA, 1:200), anti-Foxp3 (rabbit mAb, 98377, CST, Danvers, MA, USA, 1:200), anti-CD8 (rabbit mAb, ab93278, Abcam, Cambridge, UK, 1:500), and anti-p16 (rabbit mAb, ab108349, Abcam, Cambridge, UK, 1:100). The tissue sections were deparaffinized in xylene and rehydrated in graded concentrations of ethanol. Antigen retrieval was performed according to the manufacturers' recommendations for the respective antibodies. After serial blockade in 0.3% hydrogen peroxide and 10% normal serum, sections were incubated with the primary antibody at 4°C overnight. After washing, sections were incubated with anti-rabbit secondary antibodies (Dako EnVision, Copenheagen, Denmark) at room temperature for 30 mins. Finally, staining signals were revealed using 3,3'-diaminobenzidine staining followed by hematoxylin counterstaining. Human tonsils were used as positive controls for CD8, Foxp3, and PD-L1. A clinically diagnosed HPV-associated tonsil squamous cell carcinoma was used as a positive control in the p16 assay. Negative control was performed by omitting the primary antibody.
Immunohistochemical analysis
PD-L1 staining was scored into four classes: 0%, 1-5%, 5-50%, and 50-100% membranous staining of tumor cells. The tumors were then classified as negative or positive using a 5% cutoff. 19 The sample was considered positive for p16 if strong and diffuse nuclear and cytoplasmic staining was detected in ≥75% of the tumor. The levels of CD8 and Foxp3 lymphocyte infiltration were evaluated by counting the number of cells in 10 randomly selected images acquired at high magnification (400×) from each sample, using ImageJ software (NIH, USA). The average infiltration value was calculated for each sample. Because there is no standardized cutoff point for the quantification TILs, the median was used to divide the patient cohort into two groups (low and high) of CD8 and Foxp3 expression. All of the assessments were evaluated independently by two pathologists (HL and SYW), who were blinded to the clinical and follow-up data. Discrepancies between the observers were resolved by a consensus review.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 19.0 (IBM Corp., Armonk, NY, USA). Categorical data were analyzed using a Chi-square test. The differences in CD8 and Foxp3 expression levels between subgroups were analyzed using a Mann-Whitney U test, as the variables had a non-normal distribution. The relationship between the CD8 and Foxp3 lymphocyte infiltrates was assessed using a Pearson's correlation coefficient. Overall survival (OS) was calculated from the date of the end of treatment to the date of death, or the date of the last follow-up. Disease-free survival (DFS) was defined as the period between the completion of primary treatment and the detection of residual disease, recurrent disease, or death. The survival rates were calculated using the Kaplan-Meier method and compared using a logrank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model. All of the statistical tests performed were two-tailed, with p-values <0.05 considered statistically significant.
Results
Follow-up
The median follow-up period of the 96 patients was 45 months (range: 2-98 months). Local recurrence (n=26) was the main cause of death, and distant metastases were observed in 10 patients (10.4%). Regional recurrence was observed in two patients (2.1%). The overall 3-and 5-year survival rates of the cohort were 68.8% and 59.3%, respectively.
PD-L1, p16, CD8, and Foxp3 expression
The membranous PD-L1 staining on tumor cells was scored using the following cutoff values: >1% staining, (Table 2) . Among the patient cohort, 18 (18.8%) were found to be p16 positive. The average value of CD8+ T-cells at 400× magnification was 2-132, with a median of 32. The number of Foxp3+ T-cells at 400× magnification was 0-123, with a median of 8. High CD8+ T-cell infiltration was associated with poor differentiation and lymph node metastasis. High Foxp3+ T-cell infiltration was also associated with poor differentiation (Table 2 ). Figure 1 shows representative images of immunohistochemical staining for PD-L1, p16, CD8, and Foxp3 in SNSCC tissue.
Correlation between PD-L1 expression, p16 status, and TILs
Positive PD-L1 expression was strongly associated with high lymphocytic CD8 (p<0.001) and Foxp3 (p<0.001) expression (Figure 2A and B) . PD-L1 expression was not associated with p16 status. The CD8+ and Foxp3+ T-cell infiltrates were not significantly different between p16-negative and p16-positive patients (p=0.523 and p=0.903, respectively; Figure 2C and D). Evaluation by Pearson's correlation coefficient indicated a strong and significant correlation between CD8 and Foxp3 expression (r=0.518, p<0.001; Figure 3 ).
Survival analysis
Results of the Kaplan-Meier analysis indicated that there was no significant difference between the OS and DFS of PD-L1-positive and PD-L1-negative patients (p=0.760 and p=0.233, respectively; Figure 4A and B). An analysis using multiple cutoff values of PD-L1 expression also showed no significant differences in DFS and OS. Further analysis of the prognostic value of PD-L1 expression for p16 status and CD8 expression did not achieve statistical significance. The OS and DFS of the p16-positive group were no better than those of the p16-negative group ( Figure 4C and D) . However, patients with high levels of CD8 or Foxp3 infiltration were associated with significantly higher rates of OS and DFS. The accumulated 5-year OS and DFS of patients with high levels of CD8 infiltration were 74.1% and 77.4%, vs 53.7% and 42.1% for those with low levels of CD8 infiltration (p=0.003 and p<0.001, respectively; Figure 4E and F). The 5-year OS and DFS rates of patients with high levels of Foxp3 infiltration were 76.2% and 75.3% vs 51.8% and 43.2% for those with low Foxp3 infiltration (p=0.013 and p=0.001, respectively; Figure 4G and H). A univariate analysis revealed that OS was not significantly associated with clinical variables, such as age, sex, smoking status, histological grade, tumor site, tumor extent, and lymph node metastasis. However, the univariate analysis indicated a significant association between a high histological grade and favorable DFS (Table 3) .
A multivariate analysis for OS and DFS was performed and included age, sex, histological grade, T classification, N classification, smoking status, p16 status, PD-L1 expression, CD8 expression, and Foxp3 expression. Only CD8 TILs were found to be a significant independent favorable prognostic factor for OS and DFS (Table 4) .
Discussion
SNSCCs are aggressive tumors with a generally poor prognosis. In cases of advanced or recurrent SNSCC, treatment options are often limited. With their low toxicity and encouraging efficacy, PD-1/PD-L1 immune checkpoint inhibitors could be potential alternatives for the treatment of SNSCC. To use these forms of immunotherapy, it is essential to clarify the immune environment present in SNSCC, in particular, the PD-L1 expression profile and its relationship to TILs.
In this study, PD-L1 expression was evaluated in 96 SNSCC cases. Membranous PD-L1 staining in >5% of tumor cells was observed in 29 patients (30.2%). A review of the literature resulted in little data for comparison, with the exception of a study by Riobello et al, which evaluated PD-L1 expression in 53 cases of SNSCC. 19 The frequency of PD-L1 expression in our cohort was similar to that observed by Riobello et al. We found that high PD-L1 expression was associated with poor SNSCC differentiation, which suggested that PD-L1 expression could be involved in SNSCC tumor progression. Other studies have demonstrated an association between high PD-L1 expression and lymph node metastasis in head and neck cancers. 20, 21 In this study, PD-L1-positive SNSCC cases tended to have a higher lymph node metastasis rate than PD-L1 negative SNSCC (20.7% vs 10.4%); however, no statistical difference was observed (p=0.178; Table 2 ). High PD-L1 expression contributes to the process of immune evasion, and it has been found be an indicator of poor survival in many different types of malignancies. 22 However, we found no DovePress prognostic significance of PD-L1 in SNSCC in the present study. In the study by Riobello et al, PD-L1 expression was associated with lower DFS, although it lost statistical significance following multivariate analysis. 19 In the present study, the PD-L1 positive cohort tended to have better DFS rates (p=0.233). This discrepancy may be related to the treatment modalities used. All patients in our study received radiotherapy, and some studies have found that high PD-L1 expression is associated with radiosensitivity. [23] [24] [25] Even though a relatively large cohort was analyzed in our study, the bias arising from retrospective analysis may also confound the finding of a prognostic value of PD-L1 expression. Thus, the prognostic value of PD-L1 expression in SNSCC requires further study. TILs are a group of immune cells with higher specific immunological reactivity in the tumor environment. They are considered to have prognostic value, and play a vital role in the therapeutic outcomes of immunotherapy.
26 CD8+
cytotoxic T-cells and Foxp3+ regulatory T-cells (Tregs) are the most important subsets of TILs. CD8+ lymphocytes are the main effector T-cells that act against tumors, and they are predictive of favorable outcomes in a variety of malignancies. In contrast, Foxp3+ Tregs play a key role in immune escape and are often associated with poor prognosis. 27, 28 Consistent with the findings of previous studies, the level of CD8 infiltration was a significant independent favorable prognostic factor for SNSCC in our patient cohort. However, high Foxp3+ Treg infiltrates also seemed to be associated with favorable OS and DFS in SNSCC.
A meta-analysis of 15,512 cancer cases suggested that the prognostic role of Foxp3 + Tregs was highly influenced by tumor site. 29 The meta-analysis found that high Foxp3+ Treg infiltration predicted worse survival rates in the majority of solid tumors, but better outcomes in colorectal, head and neck, and esophageal cancers. The discrepancy of prognostic value of Foxp3+ Tregs may be related to their conventional regulatory function. 27 We also found that high levels of CD8 infiltration were related to poor differentiation and lymph node metastasis. The paradoxical coexistence of high numbers of CD8+ TILs and tumor progression indicates the existence of complex crosstalk between tumor and infiltrating inflammatory cells. 30 A significant correlation between CD8 and Foxp3 expression in SNSCC was observed in our study, and it is known that the function of intratumoral CD8 T-cells is controlled by Foxp3 Tregs. Thus, the positive correlation between CD8+ and Foxp3+ cells suggested that deletion of Foxp3+ regulatory T-cells could be an effective immunotherapy strategy for SNSCC. It is well established that patients with p16-positive OPSCC have a more favorable prognosis compared with those with p16-negative OPSCC. 31 However, the prognostic significance of p16 expression in nonoropharyngeal HNSCC is less pronounced. 14 In this study, we did not find a survival advantage in the p16-positive SNSCC group. Since the number of p16-positive SNSCC cases in our study was small, more trials with a sufficient number of patients are required to clarify the prognostic significance of p16 expression in SNSCC. Chen et al found that p16 positive was associated with high PD-L1 expression in nonoropharyngeal HNSCC. 15 Ryu et al found that p16
expression patterns were associated with immune cell infiltration in HNSCC. 17 In our study, no association was found between PD-L1 expression and p16 status in SNSCC cases. There was no significant difference in CD8+ and Foxp3+ T-cell infiltrates between p16-negative patients and p16-positive patients. The inconsistent result between our study and previous studies may be related to anatomical site and HPV status. Several studies demonstrated that p16 as a clinical biomarker of HPV infection seemed much less specific outside of the oropharynx.
32,33
Based on our study, p16 expression is not a good marker to identify immune phenotypes of SNSCC.
In this study, we found that PD-L1 expression was strongly associated with the levels of CD8+ and Foxp3+ T-cell infiltration in SNSCC. The correlation between PD-L1 expression and TILs in HNSCC is not definite. One study observed an inverse correlation between PD-L1 and TILs in oral squamous cell carcinoma, whereas another study found a positive correlation between PD-L1 and TILs in laryngeal cancer. 34, 35 PD-L1 expression in tumor cells is regulated by two major mechanisms. First, tumor cells can overexpress PD-L1 through an "intrinsic" mechanism, such as genetic alterations or aberrant oncogenic signaling pathways. Second, "extrinsic" regulatory mechanisms may be involved, such as the adaptive upregulation of PD-L1 in tumor cells by the inflammatory cytokines produced by TILs. 36 In some cancers, such as lung cancer, oncogenes may be the main drivers of tumor PD-L1 expression; however, in other cancers, such as melanoma, PD-L1 expression is more likely to be induced by inflammatory stimulation. 37, 38 The high correlation between PD-L1 expression and the TILs in SNSCC suggested that PD-L1 upregulation in SNSCC may be primarily caused by a TIL-mediated antitumor inflammatory response. The tumor microenvironment has been proposed to be divided into four types according to the presence or absence of TILs and PD-L1 expression. A microenvironment that is PD-L1 positive with a high level of TILs was found to be the group that responds most effectively to treatment with a PD-1 checkpoint inhibitor. 37 Given that a large proportion of PD-L1 positive SNSCCs possess high levels of TILs, the PD-1/PD-L1 pathway could be a promising immunotherapeutic target for SNSCC. This study has certain limitations. First, it was a retrospective study with a potential selection bias. Second, TILs consist of many subtypes of immune cells, and we have not fully accounted for or analyzed the subtypes involved. However, a review of the literature suggested that this study is the first attempt to clarify SNSCC immune phenotypes in a large patient cohort.
In summary, TILs play a prognostic role in SNSCC. In particular, high CD8 infiltration is a favorable independent prognostic indicator of SNSCC. In this study, we fail to find a difference in immune marker expression between p16-positive and p16-negative SNSCC. The high correlation between PD-L1 expression and the TILs in SNSCC indicated that the PD-1/PD-L1 pathway is a promising immunotherapeutic target for SNSCC.
